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Abstract

Background: Previous research has shown that certain living arrangements, such as living alone, are associated
with worse health at older ages. We assessed the association between living arrangements and hospital care use
among middle-aged and older adults, and investigated to what extent observed and unobserved individual
characteristics explain this association.

Methods: Longitudinal Finnish registry data for men and women aged 50-89 years were used for the period 1987-2007.
The relationship between living arrangements (based on whether an individual lived with a partner, other adults or alone,
and whether they lived with minor/adult children) and heavy hospital care use (ie, having been in hospital for 8 or more
days in a year) was studied. First, we applied logistic regression models and linear probability models controlling for
observed time-invariant factors (socioeconomic status measured by education, labour force status, and household income;
and marital status), and then individual linear probability models with fixed-effects to further account for unobserved time-
invariant individual characteristics in the measurement period. Analyses were done separately for 10 year age-groups.

Results: In the logistic regression models, men and women who lived alone had higher crude odds of heavy hospital
care use than those living only with their partner. These odds ratios were highest for men and women in the youngest
age category (50-59 years, 1.72 and 1.36 respectively) and decreased with age. Adjusting for observed time-invariant
socioeconomic status attenuated these odds by 14-40%, but adjusting for marital status did not affect the results.
Lower odds were observed among adults aged 50-59 years who lived with their partner and (minor or adult) children.
But odds were higher for individuals aged 60-79 years who co-resided with their adult children, regardless of whether
they lived with a partner. Adjusting for observed time-invariant factors generally did not change these results. After
further adjusting for unobserved time-invariant individual characteristics in the individual fixed-effects models, most of
these associations largely attenuated or disappeared, particularly for ages 80-89 years.

Conclusions: The association between living arrangements and higher use of hospital care at middle and older ages is
largely explained by socioeconomic disadvantage and unobserved time-invariant individual characteristics.
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regression
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Background

Developed countries have undergone a continuous ex-
pansion of single-person households among older
adults, presenting profound implications on individual
health and functioning and on demands for both in-
formal and formal care [1-3]. Detrimental effects of
living alone have been shown on physical health,
mental health, institutionalisation, and survival [4—10].
However, living alone has also been demonstrated not
to be a good predictor of hospital admission or
length of hospital stay [11-14], nor to be associated
with self-rated health or physical limitations among
Europeans aged 65-84years [15] or with mortality
among Americans aged 70 years and older [16]. Conflict-
ing evidence from a longitudinal study of American
women aged 60-72years reported protective effects of
living alone on functional declines, mental health, and vi-
tality [17].

Co-residence with children in relation to older parents’
health is less studied [15]. Co-residence with (adult) chil-
dren was found to be associated with worsened psycho-
logical well-being of mothers at late-middle and early-
old ages [18] and with heightened risk of having two or
more health conditions among lone mothers aged 65
years and over [19]; these associations were not observed
among men. In a study of men and women aged 51-61
years, no differences in self-rated health, mobility limita-
tion, or depressive symptoms were detected between
married couples living with and without children, but
worse health was found for lone mothers living with
children [5].

The relationship between living arrangements and
health is likely to be gendered and age-specific [19-22].
Compared to men, women are more likely to feel strong
family obligations, keep family bonds, and be involved in
assistance and caregiving [23], which bring both greater
burdens and greater benefits from family relationships
[5, 23, 24]. Firm evidence has been found among young
adults that living with a partner is beneficial for health
due to a variety of material and psychosocial reasons
[25]. For the elderly, similar benefits may exist, but their
good health may enable them to live independently ra-
ther than vice versa [16, 26]. The association between
living alone and health thus may decrease with age. Fur-
thermore, Lawton and colleagues [27] asserted that any
observed association between living arrangements and
health may be related to factors that are idiosyncratic to
the individual. To address this, individual fixed-effects
regression — a technique controlling for all observed and
unobserved time-invariant individual characteristics [28,
29] — could be useful. We are aware of only one recent
study applying this technique to investigate the effect of
returning-home adult children on older parents’ quality
of life [30].
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By exploiting longitudinal Finnish registry data, we in-
vestigated the relationship between living arrangements
and hospital care use among middle-aged and older
adults aged 50-89 years, and how this relationship dif-
fered by gender, age, and when controlling for observed
and unobserved time-invariant individual characteristics.
We focused on hospital care use to capture middle-aged
and older adults’ ill health given that illness represents
the most immediate causes of hospitalisation [31, 32].

Methods

Study design

The data came from an 11% random sample of the
population permanently residing in Finland at the end of
any of the years between 1987 and 2006, obtained from
the longitudinal population data file of Statistics Finland.
The register-based information was based on routinely
collected administrative data updated at the end of each
year in 1987-2006. Individual-level linkages were per-
formed with the help of an unique identifier available for
all persons. For each person, hospital care use was ex-
tracted from the national Hospital Discharge Register. In
this study we included individuals aged 50-89 years at
the end of any of the years 1987-2006, and followed
their hospital care use in each following calendar year
(1988-2007). We did not include individuals aged 90
years and beyond as they were increasingly likely to be
in institutional care, from where they could to some ex-
tent receive medical care. Hospital care use of the popu-
lation aged 90 years and over may therefore be an
underestimation of all care needs in our data. Individuals
were excluded if they were not part of the dwelling
population at the end of either 1985 or 1987, or did not
reside in Finland in any given year during our study
period. The sample was stratified by their current age
(50-59, 60-69, 70-79, and 80-89 years). The maximum
measurement period for a study subject in one age
group was ten years, and a study subject could appear in
more than one age group.

Living arrangements
At the end of each year in 1987-2006, information
on family type (e.g., married/cohabiting couple with
or without children, lone parents), own status in a
family (parent or adult child), number of minor chil-
dren (< 18 years old), and number of persons living in
the household-dwelling unit was updated. Persons liv-
ing in the household-dwelling unit are the permanent
occupants of a dwelling. Those who live in an institu-
tionalised setting or in residential homes, live abroad,
are homeless, or are registered as unknown are not
part of the dwelling population.

Using this information, living arrangements were cate-
gorised into: 1) living only with a partner (spouse or
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cohabiting partner); 2) living with a partner and at least
one minor child (and possibly adult children); 3) living
with a partner and only adult children; 4) being a lone
parent living with at least one minor child; 5) being a
lone parent living with only adult children; 6) living
alone (living in a single-person household-dwelling unit);
7) living with other persons than nuclear family mem-
bers (living in a household-dwelling unit with several
persons who are not the partner or the children); 8)
other living arrangements (e.g., living in residential
homes or institutions). Since long-term care is univer-
sally accessible in Finland and can be provided through
home-based or institutional care, the community-living
older persons could also be receiving home-based long-
term care. We excluded study subjects aged 70—89 years
living with at least one minor child due to the small pro-
portion of this living arrangement (< 0.1%).

Hospital care use

Hospital discharge records between 1 January 1988 and
31 December 2007 were extracted. Multiple hospitalisa-
tion episodes could occur in a given year. Hospital epi-
sodes spanning over two calendar years were split into
two; one for each calendar year. Annual total number of
days spent in hospital for each calendar year was calcu-
lated. Ill health was captured by dichotomising the hos-
pital days into 0-7 (coded as 0) vs. 8 or more days (i.e.,
heavy hospital care use coded as 1) based on the popula-
tion median.

Covariates

Current age and region of residence (south, north,
east, and west) were time-varying and measured an-
nually. Socioeconomic status (SES) and marital status
were time-invariant and assessed when study subjects
entered into the 10-year age groups. SES was
reflected by educational attainment (compulsory
education only, upper secondary school, and tertiary educa-
tion), labour force status (employed, unemployed, pen-
sioners, and other), and household taxable income divided
by the number of consumption units in the household
using the Organisation for Economic Co-operation and De-
velopment equivalence scale [33]. Household income was
categorised into tertiles by gender, 5-year age group, and
year separately. Marital status (unmarried, married, di-
vorced, and widowed) was used to distinguish reasons for
living alone at baseline.

Statistical analyses

The relationship between living arrangements and
heavy hospital use was first analysed using logistic re-
gression. Logistic regression uses all observed informa-
tion available (i.e., both between- and within-individual
variations), and we estimated clustered robust standard
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errors to account for the correlated observations from
the same individual. In contrast, the individual fixed-ef-
fects (FE) regression only uses within-individual
changes over time where study subjects serve as their
own controls (i.e., between-individual variation is not
used in the estimation), and thus controls for all ob-
served and unobserved time-invariant individual char-
acteristics in the measurement period [28, 29]. By
comparing the results from the ordinary regression
model controlling for observed covariates at baseline
(i.e., observed time-invariant individual characteristics)
with those from the individual FE model, the role of
unobserved time-invariant individual characteristics in
the relationship between living arrangements and hos-
pital care use could be assessed.

The individual FE logistic regression nevertheless
does not include study subjects in its analytic sample
whose outcome remain unchanged over time (i.e., al-
ways coded as 0 or as 1) [29]. This discrepancy of
the analytic sample between logistic regression and
individual FE logistic regression hinders direct com-
parison of results from the two different models to
assess the confounding caused by unobserved time-in-
variant individual characteristics. As a result, we
employed the linear probability model (LPM) - a
widely used alternative to logistic regression for ana-
lysing binary outcome with ordinary least squares
(OLS) — and the individual linear probability model
with fixed-effects (LPM-FE) to compare them with
[34, 35]. The interpretation of coefficients from LPM
is simple which indicates how much of the probability
of heavy hospital care use increases or decreases for
study subjects with certain type of living arrange-
ments compared to those living with a partner only
(reference group). This interpretation also implies that
coefficients from LPM are on an absolute scale, i.e.
not on a relative scale as those from logistic regres-
sion models are. To keep the scale of results consist-
ent, we transformed the coefficients from LPM and
LPM-FE into relative difference via dividing the pre-
dicted probability of heavy hospital care use for one
living arrangement by that for the reference living ar-
rangement. The 95% confidence intervals of relative differ-
ence were calculated using the delta method [36].

For the logistic regression, three models were esti-
mated adjusting for time-varying current age dummies
and region of residence (Model 1), additionally for
time-invariant SES (Model 2), and further for time-in-
variant marital status (Model 3). We further estimated
LPM controlling for all covariates in Model 3 and indi-
vidual LPM-FE adjusting for time-varying current age
dummies and region of residence. For sensitivity ana-
lyses, the estimations were repeated using the average
number of days spent in hospital per hospital episode
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in a given year (i.e., the total hospital days in a year di-
vided by the total number of hospitalisation episodes)
as the outcome, and categorised as 0—4 vs. 5 or more
days per episode using the population median. All ana-
lyses were performed separately for men and women
and for the four age groups using Stata 15 (StataCorp,
2017). Because the four 10-year age groups were based
on time-varying age, the LPM-FE accounts for all indi-
vidual characteristics that were time invariant in the
10-year observation window.

Results

The proportion of both men and women living with
partner and/or children decreased with age, whereas the
proportion of living alone increased with age particularly
among women (Table 1). More than 70% of men and
women experienced at least one change of their living
arrangement in the 10-year observation window (50-59
years: 72%, 60—69 years: 78%, 70-79 years: 79%, 80—89
years: 74%). In general, for both genders and all age
groups, the proportion of heavy hospital care use was
higher among those living alone or living with other per-
sons than among those with other living arrangements.
Compared to younger study subjects, older ones tended
to have less education, be retired, and be widowed (see
Additional file 1).

After adjusting for time-varying current age dummies
and region of residence using logistic regression (Fig. 1,
Model 1; numerical values see Tables 2-3), 72 and 36%
higher odds of heavy hospital care use were found
among men and women aged 50-59 years living alone
(men: odds ratio [OR]: 1.72, 95% confidence interval
[CI]: 1.65-1.79; women: 1.36, 95% CI: 1.31-1.41) than
those living only with their partner, respectively. The
heightened odds gradually decreased with age for both
men (60-69 years: 1.50, 95% CI: 1.45-1.56; 70-79 years:
1.24, 95% CIL: 1.20-1.29; 80-89years: 1.07, 95% CI:
1.02-1.12) and women (60-69 years: 1.23, 95% CI: 1.19-
1.26; 70-79 years: 1.14, 95% CI: 1.11-1.17; 80-89 years:
1.08, 95% CI: 1.04—1.13). These associations attenuated
by 14-40% when controlling for time-invariant SES
(Model 2). Additional adjustment for time-invariant
marital status (Model 3) only very slightly changed
these associations. The highly similar results from lo-
gistic Model 3 and LPM (relative difference) validated
the rationale to use LPM (see model coefficients and
predicted probabilities on the absolute scale from
LPM and LPM-FE in Additional files 2-3). In the in-
dividual LPM-FE model, compared to the LPM, the
effect of living alone attenuated by 69% for men aged
50-69 years and by 38% for women aged 50-59 years.
Living alone was no longer associated with heavy hos-
pital care use for either men or women aged 80-89
years in the LPM-FE model.
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A similar age pattern was found for living with other
persons (Fig. 2, Model 1). The elevated odds of heavy
hospital care use associated with living with other per-
sons nevertheless became similar across all age groups
among women after adjustment for time-invariant SES
(50-59 years: 1.24, 95% CI: 1.14—1.36; 60—69 years: 1.30,
95% CI: 1.22-1.38; 70-79 years: 1.30, 95% CI: 1.24—1.36;
80—89 years: 1.23, 95% CI: 1.17-1.30). In the individual
LPM-FE model, no association was found.

Regardless of the presence of partner in the household,
men and women co-residing with adult children had
higher odds of heavy hospital care use than those living
only with their partner for ages 60—79 years using logis-
tic regression (Figs. 3-4). For ages 50—59 years, men and
women living with their partner and adult children had
lower odds of heavy hospital care use, whereas lone par-
ents living with adult children had higher odds. In the
LPM-FE models, living with a partner and adult children
was associated with elevated probability of heavy hos-
pital care use among men aged 50—69 years and among
women aged 50-59 years. Heightened probability in rela-
tion to being a lone parent living with adult children
were found for both genders aged 50-59 years (relative
difference in men: 1.20, 95% CIL: 1.06—1.33; relative dif-
ferent in women: 1.14, 95% CI: 1.05-1.24) and among
women aged 70-79years (1.07, 95% CI: 1.01-1.14) in
the LPM-FE models.

Men and women aged 50-59years living with their
partner and at least one minor child had lower odds of
heavy hospital use than their counterparts living only
with their partner using logistic regression (Model 3,
men: 0.81, 95% CI: 0.78-0.86; women: 0.89, 95% CI:
0.84-0.94), but no association was found for lone par-
ents aged 50-69years living with at least one minor
child (Additional files 4-5). In the LPM-FE models,
among men, living with at least one minor child, regard-
less of the present of partner, was associated with higher
probability of heavy hospital care use (relative difference
in lone fathers aged 50-59 years: 1.26, 95% CI: 1.06—
1.46; lone fathers aged 60—69 years: 1.51, 95% CI: 1.11-
1.91; men aged 50-59years also living with a partner:
1.09, 95% CI: 1.03—1.16; men aged 60—69 years also liv-
ing with a partner: 1.22, 95% CI: 1.11-1.32). Similarly in-
creased probability of heavy hospital care use was also
found among women aged 50-59 years living with minor
children.

We repeated our analyses using the average number of
days spent in hospital per hospital episode in a year (0—4
vs. 5 or more days using the population median). The
pattern of results remained (Additional files 6-7), but in
the LPM-FE models, the effect of living alone was more
evident among men aged 60—79 years when using aver-
age number of days spent in hospital per hospital epi-
sode in a year as the outcome (relative difference for age
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Table 1 Distribution of living arrangements and heavy hospital care use by living arrangements, gender, and age groups

Men Women

% 8+ hospital days in a year (%)° % 8+ hospital days in a year (%)°
50-59 years
Total observations 683,709 702,204
Living with a partner only 393 4.8 434 43
Living with a partner & 1+ minor child 16.7 35 9.1 34
Living with a partner & adult children 19.5 43 18.2 40
Lone parent living with 1+ minor child 06 4.6 20 4.1
Lone parent living with adult children 14 57 4.5 50
Living alone 15.8 7.8 19.6 5.7
Living with others 40 86 24 7.1
Other 28 8.0 1.0 104
60-69 years
Total observations 479,938 569,573
Living with a partner only 62.1 9.1 50.2 7.0
Living with a partner & 1+ minor child 2.1 7.8 0.2 4.5
Living with a partner & adult children 129 9.3 85 75
Lone parent living with 1+ minor child 0.1 10.8 <01 6.7
Lone parent living with adult children 1.2 113 49 88
Living alone 169 13.0 31.6 8.8
Living with others 39 124 39 10.1
Other 09 218 0.6 256
70-79 years
Total observations 282,142 457,226
Living with a partner only 65.2 185 324 150
Living with a partner & adult children 80 202 34 16.3
Lone parent living with adult children 1.7 220 6.3 185
Living alone 204 224 493 178
Living with others 36 220 6.7 206
Other 1.2 445 19 430
80-89 years
Total observations 89,798 216,814
Living with a partner only 509 319 123 284
Living with a partner & adult children 52 313 1.0 27.2
Lone parent living with adult children 29 353 7.0 309
Living alone 31.0 344 60.7 315
Living with others 57 38.1 1.3 356
Other 44 464 79 439

Note: Having at least one minor child in the household was rare for ages 70 years over, therefore its effect was not estimated for ages 70 years and over

S: percentage of heavy hospital care use within each living arrangement category

60—-69 years: 1.15, 95% CI: 1.08-1.21; 70-79 years: 1.12,

95% CI: 1.07-1.17).

Discussion

We found 72 and 36% higher odds of heavy hospital
care use among men and women aged 50-59 years

living alone than among those living only with a part-
ner, respectively. These elevated odds decreased with
age for both genders. A similar age pattern was ob-
served for living with other persons. Men and women
aged 60-79years co-residing with adult children had
elevated odds of heavy hospital care use; this effect



Hu et al. BMC Public Health (2019) 19:1011

Page 6 of 13

Men

~
1
—o—
-
—o—
——

8
g
3121 + 4 A
° i : i
1.0
0.8
0.6
0.4
T T T
Logistic Logistic Logistic
Model 1 Model 2 Model 3
o 50-59 < 60-69 4 70-79 O 80-89
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Fig. 1 Risk of heavy hospital care use for men and women living alone. Reference group: living with the partner only. Logistic Model 1: adjusting
for time-varying current age dummies and region of residence. Logistic Model 2: Model 1 + education, household income, and labour force status
measured at the time when study subjects entered into the current age group. Logistic Model 3: Model 2 + marital status measured at the time
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largely disappeared in the individual fixed-effects
models. The protective effect of co-residing with at
least one minor children found among men and
women aged 50-59years who were also living with
their partner in the logistic regression models and lin-
ear probability models reversed in the individual lin-
ear probability fixed-effects models.

Living alone

Compared to living alone, living with a partner may
have health benefits because the partner may bring
more economic resources into the household, provide
better monitoring of health and social control of be-
haviours, encourage help-seeking behaviours at early
stage of illness, and contribute to more social ties
and social support [5, 22, 24, 26, 37, 38]. These ex-
planations are partly supported by our findings that
adjusting for various SES indicators significantly at-
tenuated the effect of living alone on hospital care
use. The decreasing effect of living alone with age we
found may support the health selection hypothesis —
only healthy and well-functioning elderly can continue
to live independently in the community [15, 16, 26].
However the alternative explanation that the elderly
may become universally frail at old-old ages (=70
years), a stage of life when biological mechanisms
override social mechanisms — such as living arrange-
ments — on health, cannot be ruled out [39].

When all observed and unobserved time-invariant
individual characteristics in the measurement period
were controlled for, the effect of living alone consid-
erably attenuated and disappeared for ages 80-89
years. Important unobserved time-invariant factors
could consist of older Finnish adults’ preference of in-
dependence and autonomy [26], and individual
physiological and psychological reserves and resilience
which influence their capacity to cope and recover
from stressful life events (e.g., widowhood and be-
reavement) [40]. Older adults living alone may also
develop better coping mechanisms and contingency
plans by using formal health services regularly, ex-
tending their social networks actively, and participat-
ing in social activities frequently [16, 41]. There could
also be individual characteristics, such as health status
and SES in early-life, that are highly associated with
being selected into marriage or cohabitation at young
ages and staying in partnership and maintaining good
health status at older ages [37].

The large gender differences observed in the logistic
regression models were not replicated in the individ-
ual LPM-FE model, which may link to female advan-
tages in physiological reserve [42] and in coping with
widowhood [43, 44]. Furthermore, younger men with
anti-social behaviour [45] and problem drinking [46,
47] are less likely to be selected into partnership. This
selection earlier in life may partly explain the large
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Table 2 Living arrangements and risk of being hospitalised for 8 or more days in a year among men, by 10-year age groups

Logistic Model 1

Logistic Model 2

Logistic Model 3

LPM

LPM-FE

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

Relative difference

Relative difference

(95% Cl) (95% ClI)

50-59 years

Living with a partner only Ref Ref Ref Ref Ref

Living with a partner & 1+ minor child 0.78 (0.75, 0.82) 0.82 (0.78, 0.86) 0.81(0.78, 0.86) 0.86 (0.82, 0.89) 1.09 (1.03, 1.16)
Living with a partner & adult children 091 (0.87, 0.94) 0.94 (0.90, 0.98) 0.94 (0.90, 0.98) 0.95 (0.92, 0.99) 06 (1.0 10)
Lone parent living with 1+ minor child 1.03 (0.87,1.22) 1 (0.85, 1.20) 0.96 (0.81, 1.14) 0.94 (0.79, 1.09) 1.26 (1.06, 1.46)
Lone parent living with adult children 124 (1.11,1.39) 1.20 (1.07,1.34) 1.13 (1.00, 1.26) 1.11 (098, 1.23) 0 (1.06, 1.33)
Living alone 1.72 (165, 1.79) 43 (1.37,149) 145 (138, 1.53) 45 (1.38,1.52) 114 (1.07,1.22)
Living with others 1.85 (1.74, 1.98) 1(1.32,151) 148 (1.37,1.59) 1 (140, 1.61) 0.99 (0.89, 1.10)
Other 1.79 (1.65, 1.95) 1.34 (1.23, 1.46) 146 (133, 1.61) 7 (1.33, 1.60) 0.81 (0.68, 0.94)
60-69 years

Living with a partner only Ref Ref Ref Ref Ref

Living with a partner & 1+ minor child 1.00 (0.90, 1.10) 1.06 (0.96, 1.17) 1.06 (0.96, 1.17) 5 (098, 1.13) 122 (1.11,1.32)
Living with a partner & adult children 107 (1.03,1.11) 1.08 (1.03,1.12) 1.08 (1.03,1.12) 07 (1.03, 1.11) 1.06 (1.0 10)
Lone parent living with 14+ minor child 1.35 (0.90, 2.02) 1.36 (0.90, 2.06) 1.28 (0.84, 1.94) 2(0.79, 1.64) 1.51 (1.11,1.91)
Lone parent living with adult children 127 (1.13,1.43) 1.24 (1.10, 1.39) 1.19 (1.05, 1.34) 6 (1.03, 1.29) 1.02 (0.88, 1.16)
Living alone 1.50 (145, 1.56) 1.39 (1.34, 1.44) 1.36 (1.29, 143) 212 38) 1.10 (1.04, 1.17)
Living with others 142 (1.33,1.51) 1(1.23,1.39) 1.30 (1.21, 1.41) 8 (1.1 36) 1.06 (0.96, 1.16)
Other 2.84 (2.53,3.18) 2.53 (226, 2.83) 2.53 (2.24, 2.85) 2.27 (2.05, 2.48) 0.80 (0.66, 0.94)
70-79 years

Living with a partner only Ref Ref Ref Ref Ref

Living with a partner & adult children 11 (1.05,1.17) 0 (1.05, 1.16) 1.10 (1.05, 1.16) 3 (1.0 12) 1.01 (0.95, 1.07)
Lone parent living with adult children 7 (1.06, 1.29) 6 (1.06, 1.28) 1.13(1.02, 1.26) 06 (0.96, 1.16) 1.11 (099, 1.23)
Living alone 1.24 (1.20, 1.29) 1.20 (1.16, 1.24) 1.18 (1.13, 1.24) 1.11 (1.05, 1.16) 1.09 (1.04, 1.14)
Living with others 9(1.11,1.28) 5(1.07,1.23) 1.16 (1.06, 1.26) 1.09 (1.01, 1.17) 1.03 (0.95, 1.12)
Other 7(2.87,349) 3.04 (2.75, 3.36) 301 (272, 334) 221 (207, 235) 0.57 (049, 0.65)
80-89 years

Living with a partner only Ref Ref Ref Ref Ref

Living with a partner & adult children 0.94 (0.85, 1.03) 0.93 (0.85, 1.02) 0.93 (0.85, 1.02) 0.95 (0.89, 1.01) 0.93 (0.83, 1.04)
Lone parent living with adult children 1.07 (0.95, 1.20) 1.06 (0.94, 1.20) 1.08 (0.95, 1.22) 1.10 (0.99, 1.20) 1.07 (0.94, 1.20)
Living alone 1.07 (1.02, 1.12) 1.06 (1.0 10) 1.10 (1.03, 1.17) 1.11(1.04,1.17) 1.02 (0.97, 1.06)
Living with others 1.20 (1.11, 1.31) 9 (1.09, 1.29) 127 (1.15,1.39) 1.21 (1,12, 1.29) 1.03 (0.96, 1.11)
Other 1.56 (142, 1.71) 1.53 (1.39, 1.68) 1.57 (142, 1.74) 1.37 (1.28, 1.46) 0.53 (048, 0.59)

LPM: linear probability model, adjusting for all covariates in Model 3

LPM-FE: linear probability model with fixed-effects adjusting for current age dummies and region of residence
OR: odds ratio; Cl: confidence interval; Ref: reference category
Logistic Model 1: adjusting for current age dummies and region of residence;

Logistic Model 2: Model 1 + education, household income, and labour force status a
Logistic Model 3: Model 2 + marital status at time of entry to the age group

reduction in the effect of living alone among young-
old (<70years) men in the LPM-FE model. The in-
creased probability of heavy hospital care use found
among young-old women in the LPM-FE model may
relate to worse consequences of widowhood for youn-
ger than older widows [48].

t time of entry to the age group;

Co-residing with children

In Finland, co-residence with adult children typically de-
creases with age as offspring form their own households.
Co-residence with adult children may bring unique stress
and undermine older parents’ health [21, 49, 50]. A recent
study showed that having adult children moving back
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Table 3 Living arrangements and risk of being hospitalised for 8 or more days in a year among women, by 10-year age groups

Logistic Model 1

Logistic Model 2

Logistic Model 3

LPM

LPM-FE

50-59 years
Living with a partner only

Living with a partner & 1+ minor
child

Living with a partner & adult children

Lone parent living with 1+ minor
child

Lone parent living with adult children
Living alone

Living with others

Other

60-69 years

Living with a partner only

Living with a partner & 1+ minor
child

Living with a partner & adult children

Lone parent living with 1+ minor
child

Lone parent living with adult children
Living alone

Living with others

Other

70-79 years

Living with a partner only

Living with a partner & adult children
Lone parent living with adult children
Living alone

Living with others

Other

80-89 years

Living with partner only

Living with partner & adult children
Lone parent living with adult children
Living alone

Living with others

Other

OR (95% Cl)

Ref
0.83 (0.78, 0.88)

0.95 (0.91, 0.99)
1.00 (0.90, 1.11)

9(1.11,1.27)

6 (1.31, 147)

9 (1.55, 1.85)
261 (2.28,297)
Ref

0.77 (0.53, 1.11)

1.09 (1.03, 1.14)
1.16 (0.66, 2.03)

3 (115, 1.30)
3(1.19,1.26)
40 (131, 1.49)
435 (3.79, 4.98)
Ref
9 (1.02, 1.16)
6(1.11,122)
4(111,1.17)
2(1.26,1.38)
342 (3.19, 367)
Ref
0.92 (0.80, 1.05)
2 (0.96, 1.08)
8 (1.04,1.13)
3(1.17,1.30)
5(1.46, 1.65)

OR (95% Cl)

Ref
0.88 (0.83, 0.94)

0.97 (0.93, 1.02)
0.94 (0.85, 1.05)

OR (95% Cl)

Ref
0.89 (0.84, 0.94)

0.98 (0.94, 1.02)
0.94 (0.84, 1.05)

Relative difference

(95% Cl)

Ref
0.91 (0.86, 0.96)

0.98 (0.95, 1.02)
0.93 (0.83, 1.03)

Relative difference

(95% CI)

Ref
1.09 (1.01, 1.16)

1.07 (1.02, 1.11)
1.16 (1.02, 1.30)

(1.00, 1.14) 1.06 (0.99, 1.15) 1.06 (0.98, 1.14) 4 (1.05, 1.24)
22 (1.17,1.27) 122 (1.1 28) 121 (1.15,1.27) 1.13 (1.0 20)
(1.14, 1.36) 126 (1.1 39) 129 (1.16, 1.42) 1.03 (0.90, 1.16)
(1.47, 1.90) 1.74 (1.51, 2.00) 1.88 (1,61, 2.15) 0.83 (061, 1.04)

Ref Ref Ref Ref

0.77 (053, 1.12)

1.09 (1.03, 1.14)
1.01 (0.57,1.77)

0.77 (0.54, 1.12)

1.09 (1.03, 1.15)
0.99 (0.56, 1.74)

0.83 (062, 1.04)

1.08 (1.03, 1.12)
0.97 (0.50, 1.45)

1.13 (0.88, 1.38)

1.03 (0.97, 1.09)
1.20 (0.71, 1.70)

5(1.08, 1.22) 1.12 (1.05, 1.20) 1.11 (1.03, 1.18) .08 (0.99, 1.17)
6(1.12,1.20) 1.14 (1.08,1.19) 1.12 (1.07,1.18) 1.11 (1.05,1.17)
0(1.22,1.38) 1.28 (1.1 38) 1.27 (1.1 36) 1.05 (0.95, 1.14)
3.79 (330, 4.34) 3.76 (3.26, 4.34) 3.31 (295, 3.66) 0.55 (038, 0.73)
Ref Ref Ref Ref
9 (1.02, 1.16) 1.09 (1.0 16) 1.07 (1.01,1.12) 0.96 (0.89, 1.03)
1.14 (1.09, 1.20) 1.12 (1.0 19) 1.10 (1.02, 1.17) 1.07 (1.01, 1.14)
1.11 (1.08, 1.14) 1.09 (1.0 14) 1.07 (1.01, 1.14) 1.04 (1.01, 1.07)
30 (1.24, 1.36) 1.29 (1.22, 1.36) 1.23 (11 31) 0.98 (0.93, 1.04)
329 (3.07,353) 326 (3.03, 3.52) 248 (2.32,263) 046 (040, 0.52)
Ref Ref Ref Ref
0.92 (0.80, 1.06) 0.92 (0.80, 1.06) 0.95 (0.86, 1.04) 0.98 (0.86, 1.10)
1(0.95, 1.08) 0.98 (091, 1.06) 0.97 (0.90, 1.04) 0.99 (0.92, 1.06)
6 (1.0 10) 1.03 (0.97, 1.09) 1.01 (094, 1.07) 1.03 (0.99, 1.07)
3(1.17,1.30) 1.21(1.13,1.29) 1.12 (1.04, 1.19) 0.98 (0.93, 1.03)
1(142,1.61) 148 (1.38, 1.59) 1.28 (1.19, 1.36) 044 (041, 049)

LPM: linear probability model, adjusting for all covariates in Model 3

LPM-FE: linear probability model with fixed-effects adjusting for current age dummies and region of residence
OR: odds ratio; Cl: confidence interval; Ref: reference category
Logistic Model 1: adjusting for current age dummies and region of residence;

Logistic Model 2: Model 1 + education, household income, and labour force status at time of entry to the age group;

Logistic Model 3: Model 2 + marital status at time of entry to the age group

home was associated with poorer quality of life among
Europeans aged 50-75 years, using linear individual fixed-
effects regression [30]. We did not find strong evidence of
a detrimental effect of co-residing with adult children on

hospital care use in our LPM-FE models. Adult children
living with their parents tend to be unmarried, un-
employed, and less educated than those living inde-
pendently [18]. We do not have direct information on
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adult children’s characteristics. It is nevertheless pos-
sible that those adult children may never have left
their parental home due to health or other problems,
or they may have moved back to seek help. The lack
of association between living with adult children and
hospital care use at ages 80-89years for both gen-
ders, regardless of the presence of the partner, may
reflect the alternative possibility that the elderly’s
health declines to a large extent and then their adult
children move back to take care of them rather than
vice versa.

Additional analyses focussed on co-residence with
minor children. In contrast to a previous Finnish study
on younger adults (30-64years old) reported a lower
risk of mortality among those living with minor children
[7], we found a detrimental effect of co-residing with
minor children among both men and women in the
LPM-FE models, particularly at ages 60-69 years for
men. This could be due to several stressors that parents
are exposed to, such as daily demands and time con-
straints of parenting, increased strain between parents,
and work-family conflict [21], which may be worse for
old fathers who postponed their parenthood.

Living with other persons

Americans aged 65 years and older living with other per-
sons, either related or unrelated, were shown to have
poorest health, even worse than those living alone [19].
This is consistent with our findings from logistic

regression models. Unfortunately, in our data we could
not distinguish living with relatives (other than those be-
longing to the nuclear family) or non-relatives (e.g.,
friends). However, in the LPM-FE models, living with
other persons seemed to be protective among old-old
women although the effect did not reach statistical sig-
nificance. This may suggest that young-old women living
with other persons are more likely to be caregivers,
whereas at old-old ages they are more likely to be care
recipients who need assistance and care from others but
do not receive them from their partner or children.

Strengths and limitations

Our study has several important strengths. Our findings
were drawn from rich data of a very large national repre-
sentative sample of middle-aged and older men and
women residing in Finland in a 20-year period. We pro-
vided fresh evidence not only on the relationship be-
tween living alone and hospital care use, but also less
studied yet not uncommon living arrangements such as
living with minor and adult children and with persons
other than family members. Both living arrangements
and hospital care use were extracted from national regis-
ters that are less prone to measurement error than self-
reported measures often used in surveys. Additionally,
the register-based sample does not suffer from non-re-
sponse bias or attrition as do surveys. The sufficient
within-individual changes in our data enabled us to
apply the individual LPM-FE technique.
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We also acknowledge that there are some limitations.
The LPM-FE does not control for time-varying unob-
served individual factors [28]. We reported relative differ-
ence from LPM-FE models rather than absolute difference
(model coefficients, see Additional files 2-3) in order to
keep the results comparable to those from logistic regres-
sion. The discrepancy of the age pattern of the relation-
ship between living arrangements and hospital care use
when using relative difference vs. absolute difference is
not unexpected as the relative difference is largely deter-
mined by the level of hospital care use in the reference
group [51]. Furthermore, LPM-FE does not use informa-
tion from study subjects whose living arrangement
remained the same in the 10-year observation window
(21-28% in our sample) [28]. The characteristics of study
subjects whose living arrangement did not change never-
theless were very similar to those whose living arrange-
ment changed (see Additional file 8). We additionally
repeated the analysis using linear probability model in the
LPM-FE sample (see Additional file 9), and the relative
differences were slightly smaller than those in the full
sample. The sample exclusion in LPM-FE analyses is thus
unlikely to significantly bias our results. In addition, we
cannot rule out the possibility of reverse causation, that is
pre-existing long-lasting conditions and disability could
affect both an individual’s hospital care use and living ar-
rangement (e.g., leading to living alone). Caregiving in the
family may also play a role. For instance, living with a
partner with ill-health may not necessarily bring health
benefits, but due to the heavy caring responsibilities it may
be detrimental to health. With no information on caregiv-
ing, we cannot separate the possible adverse effect of taking
care of an older person on the caregiver’s health. Further-
more, our data was relatively old and lacked measurement
of key mediating mechanisms. For example, the relation-
ship between living arrangements other than living with a
partner and health may be extensively mitigated by social
ties from family and friends that older adults have [24, 26].
Formal investigations on the possible biological, behav-
ioural, and psychosocial pathways linking living arrange-
ments and health at older ages are needed, as well as those
evaluating the possible health effects of co-residence with
other persons than family members and the characteristics
of adult children living in the same household. Further re-
search of cause-specific hospital care use (e.g., due to exter-
nal causes, cardiovascular disease, cancer, diabetes or other
chronic diseases) could also provide more information on
the mechanisms.

Last but not least, logistic regression and linear prob-
ability models give total population-average effects;
whereas the individual linear probability fixed-effects re-
gression provides subject-specific estimates for the sub-
population that experienced a change in living arrange-
ments [28]. Due to our study design, effects of living
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arrangements estimated using fixed-effects models are
relatively short-term: they estimate the change in hos-
pital care use after living arrangement change within a
10-year observation window. Accordingly, our findings
from the logistic regression models are important and
relevant for policies tailored for older adults with certain
types of living arrangement to reduce hospital care use
in the whole population.

Conclusion

Middle-aged and older men and women living alone
or living with persons other than family members in
Finland were more likely to be heavy users of hospital
care than those living only with their partner; these
effects were larger among men than among women
and decreased with age. Co-residence with adult chil-
dren increased the odds of heavy hospital care use at
ages 60—79years. A significant part of these associa-
tions was driven by observed socioeconomic status.
Additional adjustment for unobserved time-invariant
individual characteristics attenuated these associations
further. Despite all these adjustments, a moderate ad-
verse effect of living alone remained. These findings
underscore the importance for further studies using
longitudinal data to fully evaluate individual social
and behavioural characteristics that underlie the rela-
tionship between living arrangements and health at
older ages.
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